SYSTEM AND METHOD FOR PREVENTING LANE DEVIATION OF 

VEHICLE 

BACKGROUND OF THE INVENTION 
5 The present invention relates to a system and 

method for preventing a vehicle from deviating from a 
running lane. 

An example of such a system for preventing lane 
deviation of a vehicle is disclosed in unexamined 

10 Japanese patent publication No. 11-96497. The system 
of this publication determines that a vehicle has a 
tendency to deviate from a running lane and produces a 
steering control torque in accordance with lateral 
displacement of the vehicle from a reference position 

15 of a running lane, which steering control torque can 
be easily prevailed by a vehicle driver, for thereby 
preventing lane deviation of the vehicle. Further, in 
such a system, it is desired to keep detecting the 
running lane at all times. Thus, as disclosed in 

20 unexamined Japanese patent publication No. 11-296660, 
it has been proposed a system in which a steering 
angle is used as a road parameter, and a lane marker 
model such as a white line is determined from the road 
parameter . 

25 SUMMARY OF THE INVENTION 

In the meantime, the above - described system for 
preventing lane deviation of a vehicle requires a 
steering actuator. To dispense with such a steering 
actuator, it is considered to control a 

30 braking/driving force of each vehicle wheel by 
utilizing an anti-skid control system or a driving 
force control system so as to generate a yaw moment of 
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a vehicle and thereby control the running direction of 
the vehicle. 

However, when the system is structured so as to 
prevent lane deviation of a vehicle by controlling the 
5 braking/driving force of each vehicle wheel, the 
running direction of the vehicle with respect to the 
running lane is varied by the influence of the yaw 
moment that is generated by the braking/driving force 
in addition to the steering input, so that the system 

10 is likely to lose the running lane. 

It is accordingly an object of the present 
invention to provide a system for preventing lane 
deviation of a vehicle which is hard to lose a running 
lane in consideration of a variation of the running 

15 direction of the vehicle due to a yaw moment that is 
applied to the vehicle for preventing lane deviation. 

It is another object of the present invention to 
provide a method for preventing lane deviation of a 
vehicle which is carried out by the system of the 

20 foregoing character. 

To achieve the above object, there is provided 
according to an aspect of the present invention a 
system for preventing lane deviation of a vehicle 
comprising a lane detecting device that detects a 

25 running lane of the vehicle, a running condition 
detecting device that detects a running condition of 
the vehicle, a deviation judging device that judges 
based on the detected running lane and the detected 
running condition whether the vehicle has a tendency 

30 to deviate from the running lane, and a vehicle 
behavior control device that controls a behavior of 
the vehicle so as to generate a yaw moment in the 
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direction to prevent the vehicle from deviating from 
the running lane in accordance with the detected 
running condition when the deviation judging device 
judges that the vehicle has a tendency to deviate from 
5 the running lane, wherein the lane detecting device 
detects the running lane based on a variation in a 
running direction of the vehicle due to the yaw moment 
that is generated by the vehicle behavior control 
device . 

10 According to another aspect of the present 

invention, there is provided a method for preventing 
lane deviation of a vehicle comprising detecting a 
running lane of the vehicle, detecting a running 
condition of the vehicle, judging based on the 

15 detected running lane and the detected running 
condition of the vehicle whether the vehicle has a 
tendency to deviate from the running lane, and 
controlling a behavior of the vehicle so as to 
generate a yaw moment in the direction to prevent the 

20 vehicle from deviating from the running lane in 
accordance with the detected running condition when 
the vehicle is judged to have a tendency to deviate 
from the running lane, wherein the detecting of the 
running lane comprises detecting the running lane 

25 based on a variation in a running direction of the 
vehicle due to the yaw moment that is generated by the 
controlling of the behavior of the vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagrammatic view of a vehicle 

30 equipped with a system for preventing lane deviation 

of a vehicle according to an embodiment of the present 
invention ; 
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FIG. 2 is a flow chart of an information 
processing executed by a braking/ driving force control 
unit of the system of FIG. 1; 

FIG. 3 is a control map utilized in the 
5 information processing of FIG. 2; and 

FIG. 4 is a view for illustrating an operation 
attained by the information processing of FIG. 2. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
Referring to FIGS. 1 and 4, inclusive, a system 
10 for preventing lane deviation of a vehicle will be 
described . 

A vehicle shown in FIG. 1 is a rear wheel drive 
vehicle having an automatic transmission, a 
conventional differential gear and a braking system 

15 capable of controlling a braking force of each of 
front wheels and rear wheels, independently. 

In FIG. 1, indicated by 1 is a brake pedal, by 2 
is a booster, by 3 is a master cylinder and by 4 is a 
reservoir. Normally, a bake fluid pressure that is 

20 produced by master cylinder 3 in accordance with an 
amount of depression of brake pedal 1 by a driver is 
supplied to wheel cylinders 6FL, 6FR, 6RL, 6RR of 
wheels 5FL, 5FR, 5RL , 5RR, respectively. Between 
master cylinder 3 and each of wheel cylinders 6FL, 6FR, 

25 6RL, 6RR is interposed bake fluid pressure control 
circuit 7. Bake fluid pressure control circuit 7 can 
control therewithin the bake fluid pressure of each of 
wheel cylinders 6FL, 6FR, 6RL, 6RR independently. 

Bake fluid pressure control circuit 7 can be 

30 attained by utilizing, for example, a bake fluid 
control circuit for anti-skid control or traction 
control. In this embodiment, bake fluid control 
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circuit 7 is structured so as to be capable of 
increasing or decreasing the bake fluid pressure of 
each of wheel cylinders 6FL, 6FR, 6RL, 6RR , 
independently. Bake fluid pressure control circuit 7 
5 controls the bake fluid pressure of each of wheel 
cylinders 6FL, 6FR , 6RL , 6RR in response to a bake 
fluid pressure command value from braking/driving 
force control unit 8. 

Further, the vehicle has driving torque control 

10 unit 12 for controlling the driving torque to be 
applied to rear wheels 5RL, 5RR that serve as driving 
wheels by controlling the operating condition of 
engine 9, the selected gear ratio of automatic 
transmission 10 and the opening degree of throttle 

15 valve 11. In the meantime, driving torque control 
unit 12 can control, by itself, the driving torques of 
rear wheels 5RL, 5RR that serve as driving wheels. 
However, when driving torque control unit 12 receives 
a driving torque command value from braking/driving 

20 force control unit 8, it controls the driving torques 
of the driving wheels by reference to the driving 
toque command value. 

Further, the vehicle is equipped with CCD camera 
13 and camera controller 14 that serve as an outer 

25 vehicle environment recognizing sensor for detecting 
the position of the vehicle within a running lane for 
making a judgment on lane deviation of the vehicle. 
Camera controller 14 is structured so as to be capable 
of detecting a running lane by detecting a lane marker 

30 such as a white line from a forward image of a scene 
ahead of the vehicle, which image is picked up by CCD 
camera 13, while being capable of calculating yaw 
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angle 4> of the vehicle with respect to the running 
lane, lateral deviation X from the center of the 
running lane, curvature /3 of the running lane, width 
L of the running lane, etc. In the meantime, when 
5 corrected steering angle 6 c is inputted to camera 
controller 14 from braking/ driving force control unit 
8, camera controller 14 detects the running lane by 
using corrected steering angle 6 c and calculate the 
above-described various data with respect to the 

10 detected running lane. 

Further, the vehicle is equipped with 
acceleration sensor 15 for detecting longitudinal 
acceleration Xg and lateral acceleration Yg generated 
on the vehicle, yaw late sensor 16 for detecting yaw 

15 rate <t> ' generated on the vehicle, master cylinder 
pressure sensor 17 for detecting the output pressure 
of master cylinder 3, i.e., master cylinder pressure 
P m , accelerator opening degree sensor 18 for detecting 
the amount of depression of accelerator pedal 1, i.e., 

20 accelerator opening degree Acc , steering angle sensor 
19 for detecting steering angle d of steering wheel 
21, wheel speed sensors 22FL, 22FR, 22RL, 22RR for 
detecting rotation speeds of wheels 22FL, 22FR, 22RL, 
22RR, respectively, i.e., so called wheel speed Vwi (i 

25 = FL, FR, RL , RR ) and direction indicating switch 20 
for detecting an direction indicating operation by a 
direction indicator (not shown). Those sensors output 
detection signals to braking/driving force control 
unit 8. Further, yaw angle with respect to the 

30 running lane, lateral displacement X of the vehicle 
from the center of the running lane, curvature (3 of 
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the running lane, width L of the running lane, etc., 
which are detected by camera controller 14 and driving 
torque Tw controlled by driving torque control unit 12 
are outputted collectively to braking/driving force 
5 control unit 8. In the meantime, in case the data of 
the vehicle running conditions have a relation to the 
left and right directions of the vehicle, the left 
direction in any of the data is determined to be a 
positive direction. Namely, yaw late <t> ', lateral 
10 acceleration Yg, steering angle d and yaw angle <t> all 
become positive at the time of leftward turning, and 
lateral displacement X of the vehicle becomes positive 
when the vehicle is displaced to the left from the 

r 

center of the lane being followed. 

15 Then, referring to the flow chart of FIG. 2, an 

information processing executed by braking/ driving 
force control unit 8 will be described. The 
processing is executed every predetermined sampling 
time At, e.g., every 10 sec., by timer interruption. 

20 In the meantime, while the flow chart is not provided 
with any communication step, the information obtained 
by the processing is stored in a storage memory and 
updated at all times and a necessary information is 
read from the storage memory on occasion. 

25 First in step SI, various data from the above- 

described various sensors, controllers and control 
units are read. Concretely, longitudinal acceleration 
Xg , yaw rate <t> ', each wheel speed Vwi, accelerator 
opening degree Acc, master cylinder pressure P m , 

30 steering angle 6 (i.e., a steering condition parameter 
indicative of a condition of steering), a direction 
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indicating switch signal, which are detected by the 
above - described various sensors, and driving torque Tw 
from torque control unit 12 are read. In the meantime, 
at this point of time, yaw angle <t> , lateral 
5 displacement X of the vehicle from the center of the 
running lane, curvature j3 of the running lane and 
width L of the running lane are not read. 

Then, the process proceeds to step S2 where 
running speed V of the vehicle is calculated from the 

10 average of left and right front wheel speeds Vw FL , Vw FR 
of the wheel speeds Vwi that were read in step SI, 
wheel speeds Vw F l, Vw F r being the wheel speeds of 
driven wheels . 

Then, the process proceeds to step S3 where from 

15 target yaw mpment M s that was calculated in step S10 
of the previous processing, that will be described 
later and from the following expression (1) is 
calculated steering angle 6 M equivalent to target yaw 
moment M s . 

20 <5 M = M s /(W f x C f /G s ) (1) 

where W f is a front wheel base, C f is a front 
wheel cornering power and G s is a steering gear ratio. 

Then, the process proceeds to step S4 where 
corrected steering angle 6 c is calculated by adding 
25 steering angle d M equivalent to target yaw moment M s 
that was calculated in step S3 to steering angle 6 
that was read in step SI . 

Then, the process proceeds to step S5 where an 
instruction to detect the running lane from the lane 
30 maker such as a white line by using corrected steering 
angle 6 c and by using the technique disclosed in 
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unexamined Japanese patent publication No. 11-296660, 
is given to camera controller 14, while at the same 
time yaw angle <t> of the vehicle with respect to the 
running lane, lateral displacement X of the vehicle 
5 from the center of the running lane, curvature /? of 
the running lane and width L of the running lane are 
calculated and read. 

Then, the process proceeds to step S6 where it 
is determined whether the running lane was detected in 

10 step S5. If the running lane was detected, the 

process proceeds to step S7. If not, the process 
proceeds to step S10. 

In step S7, estimated lateral displacement XS in 
future is calculated as a deviation estimated value 

15 and then the process proceeds to step S8 . More 
specifically, by using yaw angle <t> of the vehicle 
with respect to the running lane, lateral displacement 
X of the vehicle from the center of the running lane 
and curvature j3 of the running lane, that was read in 

20 step S5, and running speed V of the vehicle that was 
read in step S2, estimated lateral displacement XS in 
future is calculated from the following expression (2). 
XS = Tt x V x ( * + Tt x V x jS ) + X (2) 
where Tt is a headway time for calculating the 

25 forward looking distance and the headway time 
multiplied by the running speed V of the vehicle makes 
the forward looking distance. Namely, the estimated 
lateral displacement of the vehicle from the center of 
the running lane after the headway time Tt is 

30 estimated lateral displacement XS in future. As will 
be described later, in this embodiment, when estimated 
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lateral displacement XS in future becomes equal to or 
larger than a predetermined lateral displacement limit, 
it is determined that the vehicle has a possibility of 
deviating from the running lane or the vehicle has a 
5 tendency to deviate from the running lane. 

In step S8, it is determined whether to make a 
warning against the fact that the vehicle has a 
tendency to deviate from the running lane and then the 
process proceeds to step S9 . More specifically, a 

10 warning is made if absolute value | XS | of the 
estimated lateral displacement in future that was 
calculated in step S7 as the deviation estimated value 
is equal to or larger than lateral displacement limit 
value X c that is found by subtracting the half value 

15 of width L 0 of the vehicle from width L of the running 
lane that was read in step S5 and a warning is not 
made if not. Further, in order to prevent hunting of 
the warning, the threshold value may be provided with 
a hysteresis. Further, a warning is not made when a 

20 lane changing direction estimated by the input from 
direction indicating switch 20 coincides with the 
direction along which the vehicle is deviating from 
the running lane. 

In step S9, it is judged whether the vehicle has 

25 a tendency to deviate from the running lane and then 
the process proceeds to step S10. More specifically, 
similarly to step S8 , it is judged that the vehicle 
has a tendency to deviate from the running lane and 
deviation judging flag F LD is set when the absolute 

30 value | XS | of the estimated lateral displacement in 
future that was calculated in step S7 as an estimated 
deviation is equal to or larger than lateral 
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displacement limit value X c , and it is judged that the 
vehicle does not have a tendency to deviate from the 
running lane if not. In the meantime, the deviation 
judging flag F LD is reset when the lane changing 
5 direction that is estimated by the input from 
direction indicating switch 20 coincides with the 
direction along which the vehicle deviates from the 
running lane. 

In step S10, target yaw moment M s is calculated 

10 and set. Herein, target yaw moment M s is set only 
when deviation judging flag F LD is set. Thus, when 
deviation judging flag F L d is set, target yaw moment M s 
is calculated from the following expression (3) by 
using proportional coefficient Ki that is determined 

15 from various vehicle parameters, proportional 
coefficient K 2 that is set in accordance with the 
vehicle running speed V shown in FIG. 3, estimated 
lateral displacement XS in future that was calculated 
in step S7, and lateral displacement limit value X c . 

20 M s = -Ki x K 2 x (XS - X c ) (3) 

In the meantime, when deviation judging flag F L d 
is reset, target yaw moment M s is set to be zero. 

Then, the process proceeds to step Sll, target 
bake fluid pressure P si for each wheel is calculated. 

25 More specifically, when a rear wheel master 

cylinder pressure is determined to be P mR based on 
front and rear braking force distribution in response 
to the master cylinder pressure P m that was read in 
step SI, target bake fluid pressures Psfl, Psfr to be 

30 supplied to wheel cylinders 6FL, 6FR of left and right 
front wheels 5FL , 5FR are both determined to be master 
cylinder pressure P m and target bake fluid pressures 
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PsRLr Psrr to be supplied to wheel cylinders 6RL, 6RR of 
left and right rear wheels 5RL , 5RR are both 
determined to be rear wheel master cylinder pressure 
P m R when deviation judging flag F LD is reset. 
5 On the other hand, even when deviation judging 

flag F LD is set, sorting of cases depending upon the 
magnitude of the target yaw moment M s calculated in 
step S10 is executed. Namely, if absolute value | M s | 
of the above-described yaw moment is smaller than 

10 predetermined value M so , a difference in the braking 
force is caused only between left and right rear 
wheels 5RL, 5RR. If absolute value | M s | of the above- 
described yaw moment is equal to or larger than 
predetermined value M S o , a difference in the braking 

15 force is caused between left and right front wheels 
5FL , 5FR and left and right rear wheels 5RL # 5RR. 
Accordingly, the difference A p SF in the target bake 
fluid pressure between left and right front wheels 5FL, 
5FR when absolute value | M s | of the above - described 

20 target yaw moment is smaller than M so is n 0(zero)", and 
the difference Ap SR in the target bake fluid pressure 
between left and right rear wheels 5RL , 5RR is 
obtained from the following expression (4). Similarly, 
the difference A p SF in the target bake fluid pressure 

25 between left and right front wheels 5FL, 5FR and the 
difference A P SR in the target bake fluid pressure 
between left and right rear wheels 5RL, 5RR when 
absolute value | M s | of the above- described target yaw 
moment is equal to or larger than predetermined value 

30 M S o are obtained from the following expressions (5) and 
(6), respectively. In the expressions, indicated by T 
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is a tread (it is determined that the front wheels and 
rear wheels are of the same tread), by K bF , K bR are 
conversion coefficients used for conversion of a 
braking force to a bake fluid pressure and determined 
5 based on various braking parameters. 

AP SR = 2 x KbR x | Ms | / T (4) 
AP SF = 2 x KbF x (|Ms|-M S0 ) / T (5) 
AP SR = 2 x K bR x | M so | / T (6) 
Accordingly, target bake fluid pressure P s ± to be 
10 supplied to respective wheel cylinders 6FL , 6FR, 6RL, 
6RR when the above-described target yaw moment M s is a 
negative value, i.e., the vehicle has a tendency to 
deviate from the lane to the left is obtained from the 
following expression (7). 
15 Psfl = Pm 

PSFR = Pm + AP SF 

Psfl = Pm 

P S RR = Pm + AP SR (7) 

In contrast to this, target bake fluid pressure 
20 P S i to be supplied to respective wheel cylinders 6FL, 
6FR , 6RR, 6RR when the above - described target yaw 
moment M s is a positive value, i.e., the vehicle has a 
tendency to deviate from the running lane is obtained 
from the following expression (8). 



25 


Psfl = 


Pm 


+ Ap SF 






PSFR - 


Pm 








Psfl = 


Pm 


+ Ap SR 






PSRR = 


Pm 


(8) 






Then , 


the 


process proceeds 


to step S12 where the 


30 


target driving 


force of the 


driving wheels is 




calculated . 


In 


this embodiment 


, when lane deviation 



-13- 



judging flag F LD is set and the lane deviation 
preventing control is executed, the output of the 
engine is throttled so as to disable acceleration even 
when an accelerating operation is performed. 
5 Accordingly, target driving toque Trq DS when deviation 
judging flange F LD is set is determined to be a value 
that is obtained by subtracting a value corresponding 
to the sum of differences Ap SF , A p SR in the bake fluid 
pressure between front wheels 6FL, 6FR and between 

10 rear wheels 6RL # 6RR from a value corresponding to 
accelerator opening degree Acc that was read in step 
SI. Namely, the value corresponding to accelerator 
opening degree Acc is a driving torque for 
accelerating the vehicle in accordance with 

15 accelerator opening degree Acc. The value 

corresponding to the sum of differences Ap SF/ A P SR in 
the bake fluid pressure between front wheels 5FL, 5FR 
and between rear wheels 5RL, 5RR is a braking toque 
caused by the sum of differences A P S f, A P SR in the 

20 bake fluid pressure. Accordingly, when lane deviation 
judging flag F LD is set and the lane deviation 
preventing control is executed, the torque of the 
engine is decreased by the amount corresponding to the 
driving toque caused by the sum of differences Ap SF , A 

25 P S r in the target bake fluid pressure. In the meantime, 
target driving torque Trq DS when deviation judging flag 
F LD is reset results from only the driving torque for 
accelerating the vehicle in accordance with 
accelerator opening degree Acc. 

30 Then, the process proceeds to step S13 where 

the target bake fluid pressure of each wheel that was 
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calculated in step Sll is outputted to bake fluid 
pressure control circuit 7, while at the same time the 
target driving toque of driving wheels 5RL , 5RR that 
was calculated in step S12 is outputted to driving 
5 torque control unit 12 and thereafter the process 
returns to a main program. 

By the above-described processing, when a lane 
change is not intended by the driver and estimated 
lateral displacement XS in future becomes equal to or 

10 larger than lateral displacement limit value X c , it is 
judged that the vehicle has a tendency to deviate from 
the running lane and deviation judging flag F LD is set, 
target yaw moment M s is calculated based on the 
difference between estimated lateral displacement XS 

15 in future and lateral displacement limit value X c , and 
the braking force of each wheel is controlled so as to 
generate target yaw moment M s . By this, when the 
steering input is small, a yaw moment is generated on 
the vehicle for preventing lane deviation, while at 

20 the same time the running speed of the vehicle is 
decreased by the braking force, thus making it 
possible to prevent lane deviation of the vehicle more 
safely . 

Further, in this embodiment, when a yaw moment 
25 is generated by the braking/driving force control for 
preventing lane deviation of the vehicle as described 
above, steering angle 6 M (steering condition 
parameter) equivalent to target yaw moment M s is 
calculated, steering angle 6 M is added to steering 
30 angle 6 and thereby calculating corrected steering 
angle <5 c (corrected steering condition parameter), and 
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corrected steering angle 6 c is used for detection of 
the running lane, i.e., the embodiment is structured 
so as to detect the running lane in consideration of a 
variation of the running direction of the vehicle due 
5 to the yaw moment for preventing lane deviation of the 
vehicle. As shown in FIG. 4, since the running 
direction of the vehicle is varied when target yaw 
moment M s is generated, the actual steering angle is 
varied with respect to steering angle 6 corresponding 

10 to the steering input by steering angle 6 M equivalent 
to target yaw moment M s and found from the expression 
(1), so that corrected steering angle 6 c in 
consideration of this variation represents the actual 
direction of the vehicle. Accordingly, by detecting 

15 the running lane by the lane marker based on corrected 
steering angle 6 c , the running lane is more hard to be 
lost as compared with the detection of the lane marker 
based on only the steering angle. Further, by 

controlling the braking/driving force for thereby 

20 causing in the vehicle a yaw moment for preventing 
lane deviation, it is not necessitated any particular 
steering actuator and decrease in the cost can be 
attained by using a anti-skid control system or a 
traction control system that is already present in the 

25 vehicle. 

In the foregoing, the various sensors in FIG. 1 
and camera controller 14 and steps SI, S5 in FIG. 2 
constitute a running condition detecting means or 
device in the present invention. Similarly, steps S4 , 
30 S5 in FIG. 2 constitute a lane detecting means or 
device, step S9 in FIG. 2 a lane deviation judging 
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means or device, steps Sll, S13, bake fluid pressure 
control circuit 7 and driving torque control unit 12 
constitute a vehicle behavior control means or device, 
steering angle sensor 19 in FIG. 1 and step SI in FIG. 
5 2 constitute a steering condition parameter detecting 
means or device, steps Sll, S12 in FIG. 2 constitute a 
braking/driving force control amount calculating means 
or device, and step S13 in FIG. 2 and bake fluid 
pressure control circuit 7 and driving torque control 

10 unit 12 in FIG. 1 constitute a braking/ driving force 
control means or device. 

The entire contents of Japanese Patent 
Application P2002-346378 (filed November 28, 2002) are 
incorporated herein by reference. 

15- Although the invention has been described above 

by reference to a certain embodiment of the invention, 
the invention is not limited to the embodiment 
described above. Modifications and variations of the 
embodiment described above will occur to those skilled 

20 in the art, in light of the above teachings. For 
example, while in the embodiment described above, the 
lateral displacement limit value X c that serves as a 
threshold value for judgment on lane deviation of the 
vehicle is calculated from the width of the vehicle 

25 and the width of the running lane, it can be fixed at 
0.8 meters since the lanes of the highways in Japan 
are fixed so as to be 3.35 meters in width. The scope 
of the invention is defined with reference to the 
following claims . 

30 
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